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APPENDIX G. OPEN ROADWAY TESTS

This appendix summarizes the results of the FLAR program testing conducted on the open roadway.
The open roadway tests are divided into two categories:

l Background Tests. Conducted with little or no traffic to assess the roadway background
environment.

l Traffic Tests. Conducted with varying levels of traffic density.

G.1 BACKGROUND TESTS

The purpose of the background tests was to characterize the “non-traffic” component in the radar
returns from common roadway objects that will appear within any forward-looking radar’s field of view.
The data for these tests were collected by taking the ERIM Testbed Vehicle on the roadways in the
greater Ann Arbor area and identifying route segments with background attributes of interest. Data on
the following types of roadway background were collected:

l   Bridge Overpasses
l Different Road Types
. Guard Rails
l   Roadside Signs
l   Hills
A variety of data sets were collected on the roadway and analyzed using the ERIM FLAR Analysis

Software. Data sets of interest were further processed using custom Matlab scripts to extract desired
information from the raw radar data. The remainder of this section will summarize the results for the
various background tests. Sample data plots will be used to illustrate results and diagrams provided
where necessary.

G.1 .1 Bridge Overpasses

Bridge overpasses are of a particular concern to forward-looking radars because they extend over the
entire roadway and, therefore, may appear as a stopped object within the primary vehicle’s lane. This
could occur even with radar’s outfitted with the finest azimuthal resolution. Radar designers have
approached this problem by limiting the antenna’s beam width in the vertical plane in an effort to keep
the overpass structures beyond the radar’s field of view.

The TRW FLAR has a 3 dB elevation beam width of 3 degrees. The plot in Figure G-l shows the
elevation plane 3 dB pattern for a 3 degree radar beam. Also, the plot includes reference lines for 12 and
14 foot bridges. Note that the beam height is 0.75 meters at a 0 meter range. This value corresponds to
the mounting height of the TRW FLAR on the ERlM Testbed Vehicle.

Figure G-l shows that the 3 dB point of a 3 degree radar beam does not intersect with a 12 foot
bridge until beyond a 100 meter range. This was an important factor in the selection of a 3 degree beam
width in elevation. However, as the back of the vehicle is loaded with cargo, this beam pattern could be
offset (i.e., tilted) up to several degrees. As the loading increases, the offset becomes more severe, and
the antenna beam begins to illuminate the overpass structure. The tests described below were conducted
to evaluate the extent to which an elevation offset in the radar beam would effect the returns in the raw
radar data induced by bridge overpasses. These tests were conducted on US-23 under the Earhart Road
bridge which is about 14 feet above the roadway.
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configurations that the FLAR can actually see vehicles beyond a preceding vehicle due to multipath
effects of the radar energy under the preceding vehicle.)

These two factors, sensor FOV and energy occlusion, result in the FLAR performance being less
sensitive to traffic density than one might intuitively expect. The largest impact of traffic density on the
FLAR performance is related to the dynamic movements between the FLAR host-vehicle and
surrounding vehicles.

Figure G-l 1 illustrates the FLAR performance in a heavy traffic scenario. The text along the left
side of Figure G-l 1 describes the various vehicle movements and locations along the collection timeline.
Two general observations, both fairly intuitive, were made during the roadway tests with varying traffic
densities:

1. As traffic density increased from light (2 to 3 cars within 100 meter stretch of road) to moderate,
significantly less of the background returns were observed in the radar output. The returns which
were observed were almost always from another moving vehicle.

2. As traffic density increased from moderate to heavy, similar types of returns were observed but
at increasingly nearer ranges.

Open Roadway Tests - US 23 N. Med Traffic - 970303J

Figure G-l 1. Collection in Heavy Traffic

The first observation may actually result in the moderate traffic density scenario being easier for the
threat assessment algorithm to handle than the light traffic scenario. This is due to the fact that many of
the “extraneous” returns from background objects, which have high motion dynamics relative to the host
vehicle, are not evident in the raw radar returns. There are reasons the background returns are no longer
observable in the raw radar data. The first reason is that the increased number of vehicles are occluding
the background objects. The second reason is that the returns from the vehicles (i.e., their RCS) is
generally higher than that of the background objects. The automatic gain control of the FLAR is
adjusted to avoid saturation from the vehicle returns, thereby reducing the sensitivity of the FLAR
receiver. Therefore, the relatively weaker returns from the background objects are no longer observable.

The second observation indicates that under heavy traffic scenarios, the threat assessment algorithm
has much less time to warn the operator of a potential impending crash. In addition to having less time,
the algorithm may also have much less data. Due to the rapid detection and loss of track on the
surrounding vehicles due to dynamic movements (see Figure G-l l), the threat assessment algorithm may
end-up with significantly less of a time-location profile (i.e., track) of an object under heavy traffic
conditions.
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In conclusion, qualitatively speaking from a pure sensor perspective, traffic density does not have as
much of an effect on sensor performance as one may intuitively expect. Field-of-view and occlusion
effects play significant roles in limiting the number of returns to the radar sensor regardless of traffic
density. It is important to note that their are secondary effects of higher traffic density such as multipath
which can induce returns in the sensor. From a collision avoidance or ACC application perspective, the
biggest impact traffic density has is related to the average time a threat assessment algorithm has to react
to a particular scenario. By definition, the spacing between vehicles in high density traffic is lower and
therefore reaction times are decreased.

G.1.6 Oncoming  Traffic Characteristics

Several data collections were made while on a a-lane, non-divided highway on which oncoming
traffic was present. The raw radar data plot in Figure G-12 summarizes how the returns from oncoming
traffic manifests itself with respect to the radar sensor. The specific returns from the oncoming traffic
are annotated in the figure. These returns are very transient in nature and while there are clearly evident
above the sensor’s noise floor, they are relatively low (on the order of -10 to -2 dBsm) when compared to
typical returns from a preceding vehicle located in the host vehicle’s lane.

The reason for the lower return levels is that the orientation between the radar and the oncoming
vehicle is such that the vehicle is located at the edge of the radar antenna pattern. This data was
collected on a straight roadway and the results are similar to those for the test track experiments
conducted with a vehicle located at the side of the roadway.

This traffic scenario may cause large problems for an automotive radar designed for collision
warning/avoidance. The problem is that the vehicle has a high closing rate and appears to be located
within the host vehicle’s lane. The high closing rate is evident in Figure G-12 by the wide almost
horizontal return lines from the oncoming traffic. Also evident in the figure is that the oncoming vehicle
exits the sensor’s field of view at around 40 meters. Note that the FLAR’s FOV for these tests was based
on a 3dB beamwidth of 3 degrees. At 40 meters, an object closing at 100 MPH (assuming 50 MPH for
each vehicle) has less than 1 second to impact.

The parameters of the threat assessment and warning algorithms must be set such that the false
alarms from oncoming traffic is minimized. In the case of on-coming traffic on a straight-away, this
would mean that the warning time would have to be set to less than 1 second, or the processing
algorithms may chose to ignore oncoming traffic based on the relative speeds of the objects. Obviously
ignoring objects which are approaching the host vehicle at speeds greater than its own ground speed
would minimize false alarms, but would also have an impact on the number of crashes the system would
be effective in mitigating.

Figure G-12. Returns From On-Coming Traffic
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G.1.7 Non-Standard  Vehicles

Another issue regarding the data collected on the open roadway is related to the variety of vehicles
on may encounter. These types of vehicles range from small sports cars, to large tractor trailers, to
towed home-made wood trailers, to towed fiberglass boats, and so on. The point is that one encounters a
large number of “non-standard” vehicles on the roadway.

Figure G-13 shows the FLAR radar returns resulting from following an empty automobile carrier
vehicle. This vehicle is irregularly shaped and constructed primarily from metal. The plot in
Figure G-13 shows how the return signature from the single vehicle is range dependent. At near ranges,
there appears to be individual scattering centers located at the rear of the vehicle along with another set
of scatterers towards the front of the vehicle. This second set of scatterers is located somewhere within
the carrier trailer. As the range to the vehicle increases, the return from the vehicle changes in that the
returns from the second set of scatterers fades away and the individual scattering centers from the rear of
the vehicle blend together.

This empirical data does not indicate that the car carrier would cause any particular problems to the
FLAR in terms of detection and tracking of the vehicle. However, if a FLAR implementation and
processing begins to rely on particular vehicle signatures for classification or performs some sort of
centroid processing to locate and track targets, these “non-standard” returns from the carrier vehicle may
pose problems.

Open Roadway Tests - Car Carrier - 970303K
2200

1600
Carrier begins to change
to left lane, flar changes 25   1400
with carrier

1200

:32 :05 1000

e n

Car Carrier in front of Flar :45  600

Figure G-l 3. Returns From Car Carrier Vehicle
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OPEN ROADWAY DATA PLOTS

The following pages are selected raw data plots generated from the Open Roadway collections.
These plots were selected to provide a reasonably sample of the type of data collected on the open road.
Each plot is labeled with the appropriate test identification and annotation on the plots is provided where
appropriate along with a description of the roadway environment. The reader is referred to the test
results descriptions in Appendix G.

These plots are provided to assist developers in quantitatively assessing the radar response to the
scenarios tested. Of course these results are specific to the TRW FLAR sensor configuration
(e.g. antenna gain and beam shape). The reader is referred to Section 4 of the final report which
discusses the FLAR sensor characteristics in order to extrapolate the results to other configurations.
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